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On the whole the electroweak precision tests performed at LEP, the SLC and the Teva-
tron have impressively conrmed the formidable accuracy of the Standard Model (SM)
predictions [1]{[3]. This is even more remarkable in that a more precise determination of
m
t
has been presented at this Conference [3] by CDF and D0, which allows a sharpening
of the SM predictions. There are only a few hints of possible deviations and our hopes of
nding new physics signals is conned to them. The most plausible of these deviations is






, the ratio of the partial widths of Z ! b

b and






, the analogous quantity for
charm, has also been reported at the 1.8 level, but at a more preliminary stage and with
larger uncertainties. Some other indications of anomalies have also been presented by
CDF (a possible excess of the jet production rate at large transverse energy [4] and some
peculiar events, for example one event with two electrons and two photons with large
energies plus large missing energy [5, 6]) and by ALEPH (an excess of multijet events [7]
resembling the associate production of two objects of mass around 55 GeV, observed in
the LEP run at
p
s = 130{136 GeV). In the following we will summarize the data, their
comparison with the SM and the possible implications of the existing anomalies.
2 Analysis of the Data
As well known, the phase 1 of LEP was completed in 1995. A total of about 18 million Z
events were collected by the four LEP experiments. The last 4 million were accumulated in
1995 (with resonance scanning). Due to the problems caused by the need of an extremely
precise energy calibration of the beams (disturbed both by far away objects such as
the Moon and by nearby objects such as the passing along of TGV trains) most of the
analysis of the '95 data has not been completed. Only some adjustments in the measured
asymmetries and a new value of R
c
have been presented at this Conference [1, 2], while
the new results on the mass and the widths are still to come. On the contrary the data
collected in November 1995 at LEP1.5 with increased energy ( 3.6 pb
 1
at 130 GeV plus
 3.6 pb
 1
at 136 GeV) have been analysed and the preliminary results presented at this
Conference [8] and also before. Apparently no prominent sign of new physics has shown
up in this run. We must wait for June 1996 for the start of LEP2, that will run initially
at 161 GeV and is planned to reach the maximum energy of  193 GeV in mid '98 [9].
The relevant new data together with their previous values are reported [1] in Table 1.
1
Table 1







































SLD direct 0.841(53) SLD direct 0.842(52)
LEP indir. 0.910(37) LEP indir. 0.914(34)
Average 0.887(30) Average 0.892(28)
A
c
SLD direct 0.606(90) SLD direct 0.618(91)
LEP indir. 0.660(56) LEP indir. 0.690(50)

























) = 0:123(5) for xed m
H





in the range 65{1000 GeV). The t prefers small values of the Higgs mass. If the
CDF/D0 m
t












t is very much dependent on the assumption of the validity of the standard electroweak


























where the errors are from all sorts of possible sources, including the ambiguities from m
t





































deviations are by +3:5,  1:8 and  1, respectively. The dierence with respect to the
old data is that the corresponding numbers were +3:5,  2:5 and  1:7. In practice
the charm anomaly is possibly on the way to disappear. If one assumes that this will
eventually be the case when the analysis is completed, then R
c
can be xed to its standard




= 0:2202(16) and the discrepancy is reduced
to  3.






















from the asymmetries. The latter measurements are much
simpler, more inclusive, have been nalised and published by all the collaborations. In




, which cast doubts on










xed by the leptonic quantities alone ( 
l
and the leptonic asymmetries). In turn the data
on R
b
appear by far more reliable than those on R
c
. A delicate part of the analysis is the
tagging of the heavy avour. The methods used for tagging the b (lepton tag, lifetime
tag by the vertex detector, jet shape variables and combinations of these techniques) are
more robust and less model dependent than the techniques used for c tagging. The most
precise determinations of R
c





's) in the nal state or by identication of a soft pion from D

! D. It is clear that





. Some dependence on the value of the (energy dependent) probability of nding
a given hadron in the c jet is introduced (while for the D's and the 
c
the low energy
measurements by CLEO have been checked to some extent by OPAL, this is less clear for
D

's). The estimate of eciencies and of various corrections is more involved and more
Monte Carlo dependent. Also the new results with the largest statistics are from two
collaborations only, DELPHI (who has now changed its best value in the direction of the
SM [11]) and OPAL, while we still wait for the corresponding results from ALEPH and
L3.





= 1745(3) MeV ; (3)
3
is taken into account one obtains from Eq. (2)
 
b
= +10:5(3) MeV;  
c




) =  12(12) MeV : (4)




) are both large with respect
to the experimental error on  
h
. They are also large with respect to the theoretical error
on the prediction of  
h




















= 0:09). We have [10]
 
h














) = 0:125, m
H
= 300 GeV, m
t









= 1745 MeV ; (6)
which is identical to the experimental central value. We see that one cannot reabsorb
a dierence of  12 MeV by ne tuning 
s
(which, to improve the situation, should
increase) or m
H
(which should decrease) or m
t
(which should increase) within the range
of their respective errors.
It is often said that a bias that would misinterpret charm events for beauty events
could explain the results. This does not appear to be the case. The two analyses are
independent in the sense that if an event is interpreted as bottom in one analysis it still can
be accepted as charm in the other or vice versa. The existing correlation between the two
measurements, limited to the calculation of corrections, does not allow this interpretation,
as is clear from the fact that even assuming the SM value for R
c
, the discrepancy in R
b
is only marginally decreased.
We now consider the status of b and c asymmetries. Within the experimental accuracy







= 0:0728 : (7)
However it is well known that the forward{backward asymmetries are not very sensitive










































and the sensitivity to A
f
is suppressed by the very small factor A
e




have been recently directly measured by SLD from polarised asymmetries [2], but
with a relatively poor precision. With somewhat better precision they are also indirectly




















= 0:667 : (9)
Comparing with the average values in Table 1, we see that A
c
is in perfect agreement
with the prediction, while for A
b
there is a  1:5 deviation. Note however that the
discrepancy arises from the direct SLD data, while the more precise but indirect LEP
data are in agreement with the SM. The prediction for A
b





is quite small for the b quark due to its tiny electric charge. As a consequence,







. But to reproduce A
b




 0:63, which is a quite
substantial correction.
In conclusion, the discrepancy on R
c
has decreased in the new data and is by now
below 2. Thus it is far from being compelling and perhaps will disappear. Also, the
measurement of A
c
does not show any anomaly. On the contrary the R
b
result appears
more solid, although, for a denite conclusion it is better to wait for the nal results of
the experiments. It is not yet clear whether or not an anomaly also exists for the value
of A
b




and the Minimal Supersymmetric Standard Model
We start by assuming that the R
c
discrepancy is not real and will go away. Then we shall
come back at the end to some considerations for the case that it will persist. Correspond-
ingly we take for R
b
the experimental value obtained when R
c
is xed to its standard
value: R
b
= 0:2202(16). For a general rst orientation we can consider the epsilon anal-
ysis [12], which in fact is valid if R
c
is not special, because it assumes that new physics
only appears in universal vacuum polarisation corrections and/or in the Z ! b

b vertex.




plane the experimental results for only leptonic quantities
( 
l
and the asymmetries) plus the data on m
W
(in order to keep the hadronic sector
separated) with and without inclusion of the SLD result on A
LR
, together with the SM




values (updated from Ref. [12]). A number of in-
5
teresting features are clearly visible from this plot. First, the good agreement with the
SM and the evidence for weak corrections, measured by the distance of the data from
the improved Born approximation point (based on tree level SM plus pure QED or QCD
corrections). Second, we see the preference for light Higgs, especially if the SLD data are
included. Then the tendency for 
3
to be rather on the low side, which disfavours simple
versions of technicolour models [13]{[18]. Finally, that if the Higgs is light the preferred
value of m
t
is somewhat lower than the Tevatron central value. The picture is not very
much altered if the hadronic quantities are also included, as seen from Fig. 2. In other
words the inclusive hadronic quantities do not show any peculiarity. Clearly the 
b
tted
value is at variance with respect to the SM prediction because of the R
b
result, as is seen
from Fig. 3. Note, however, that the discrepancy in terms of 
b
is only by about 2. This
is because 
b
















In the Minimal Supersymmetric SM (MSSM) [19] one can naturally understand the
tendency for a light Higgs seen in the data, because in this model the lightest Higgs is in
the vicinity of the Z mass [20]. Also, if all superpartners are not particularly light, then
all radiative corrections are close to those of the SM [21]. The observed excess in R
b
could
be explained by either of two mechanisms. For small tg one has a positive contribution
to R
b
[22]{[28] if charginos and stops are light and the charged Higgs is heavy. Not to spoil




, we need the right stop to be light, while the left stop and the
sbottom are kept heavy and nearby among them, which is quite possible. Alternatively,
for large tg, of the order of 30 to 60, if h and A, the two neutral Higgses that can be
lighter than the Z, are particularly light, then one also obtains [29] a substantial positive
contribution to R
b
. The large tg value is needed in order to have a large coupling to
b

b . However, such large values of tg are somewhat unnatural. Also in this case having
light charginos and stop helps.
In Fig. 4 (from the second article in Ref. [26]) we see the region of the stop-chargino
mass plane where, for small tg, the value of R
b
from the MSSM is suciently larger than
the corresponding SM prediction that the discrepancy is decreased by a factor of about
2. It is exciting that the chargino mass is in the range that will be covered by LEP2. The
potentiality of the large tg possibility is instead displayed in Fig. 5, obtained in Ref. [29]
for m
t
= 174 GeV, m
A
= 40, 45, 50 GeV as a function of tg (m
h
is also xed given m
A
and tg) and stop and chargino masses below 60 GeV.
But it is fair to say that the central value of the R
b
discrepancy is at present too large






[30, 31]: if the electroweak contribution to  
h
is increased according to the central value
of R
b




) from the electroweak data would go as down as 0.105 [1],






[32]). In the MSSM the favourable regions of parameter space are further
reduced if SUSY GUT constraints are applied or limitations from  ! s or top decay
(not too large t ! stop-neutralino branching ratio [33]) are taken into account (see for
example Refs. [34, 35]). Thus linking R
b
with the MSSM looks rather premature. But
if the R
b
discrepancy has to do with the MSSM then LEP2 will probably see charginos
and/or very light Higgses.
By now we know that no signal for charginos has been found in the run of LEP at 130{
136 GeV [8]. That result does not really mean that a limit of about 65 GeV can now be
put on the chargino mass, because the cross section could be suppressed if the sneutrino







15 GeV, or, beyond the MSSM, the chargino could decay with R-parity violation into
jets with no missing energy. The possibility of nearly degenerate chargino and neutralino
masses is not too unlikely, especially for the higgsino-like charginos that are required
to maximise R
b
[36]. But certainly the probability of a very light chargino has been




> 65 GeV, then the situation will look as in Figs. 6 and 7 (updated from Ref. [22])
also including the requirement of Br(t! Wb) > 0:5. The two ellipses correspond to all
high energy data (
b
closer to the theoretical predictions) and to the leptonic variables
plus R
b
only. The shift induced by the MSSM on 
3
is more reduced than that on 
b
when
the chargino mass is increased. However, the experimental value of R
b
is certainly too
large to be accommodated (see also Refs. [37, 38]). Recently it has been pointed out that,
for low tg, there is a small interesting region in parameter space where R
b
 0:2180
even for lighter charginos up to m

 90{100 GeV [38].
The ALEPH multijet signal [7], if real, cannot be interpreted in the MSSM. But it
could be a signal of some more unconventional realisation of supersymmetry (e.g. with
very light gluinos [39] or, more likely, with R-parity breaking [40]). It is perhaps premature
to speculate on these events: in a few months we will know for sure if they are real or
not, as soon as LEP2 will produce its rst results.
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4 A Novel Z
0
Uncoupled to Leptons?





rmed near their present central values. As already mentioned, this probably indicates
that also the Z partial widths into the light quarks are in disagreement with the SM, but




could be too large to be explained by loop eects. Then a modication at tree
level of the SM could be necessary. One can think of a mixing of b and c quarks with some
heavier quark [41]{[44] or a new Z
0
[45]{[50]. With quark mixing it is easier to get a deple-
tion of the width rather than an enhancement. For example in a mirror fermion scenario,
the charm width can be depleted [43]. However, enhancing the b width is not impossible
but requires some exotic choice [44]. We nd the Z
0
possibility more appealing [47]. We
consider a heavy Z
0









) =  0:0078(134) is perfectly compatible
with zero. This suggests to take universal couplings of the Z
0
to the three generations of
fermions, separately for up, down and charged leptons [51]. Since the leptonic width is
in perfect agreement with the SM the leptonic couplings of the Z
0
must be much smaller





and we shall take them as approximately vanishing. Then the products of the amount of
mixing (which is severely constrained by the data) times the couplings of the Z
0
to up-









). We have plenty of parameters to do that: the
amount of mixing, the mass m
Z
0
(that given the mixing xes 
1
= ), the left-handed
coupling to the (u; d)
L




singlets. So the game would be trivial if not for the fact that couplings to quarks as large
as those required could produce, if M
Z
0
is heavy enough, large eects in the distributions
of jets at large E
T
measured at CDF. But indeed CDF reports an anomaly of this type





1 TeV and the left and right couplings in such a way as to
obtain a reasonable t to both the LEP and the CDF anomalies (see Fig. 8). As an extra
bonus the predicted cross section for the top quark at the Tevatron is somewhat increased
[50], which is good in view of the present central value of the experimental cross section
and the possible existence of supersymmetric decay channels that could further decrease
the visible t! bW branching ratio.
It must be said that the CDF anomaly is also not very convincing. It is presented as
an excess with respect to the QCD prediction. But the QCD prediction can be to some
extent forced in the direction of the data by modifying the parton densities, in particular
8
the gluon density. At the price of a somewhat unnatural shape of the gluon density one
can sizeably reduce the discrepancy without clashing with other data [52]. Apparently
this is not the case for the quark densities which are tightly constrained by deep inelastic
scattering data in the same x range [53]. Also the newly released D0 data do not show
any additional evidence for the eect [54]. However the D0 precision is less accurate.
Thus on the one hand one can say that D0 is compatible with either QCD or CDF. On
the other hand their data are at so that one should imagine a cancellation between the
eect and the change on systematics with E
T
.
Even if the high E
T
CDF anomaly will disappear, a \leptophobic" Z
0
remains a possi-








the required couplings of the Z
0
are smaller. There is a urry of interest on leptophobic Z
0
[45]{[50], with studies on the possible origin and the dierent signatures. It is remarkable
that such a Z
0





, is apparently not excluded by the present data.
5 Conclusion
In conclusion the situation is at present a bit confused. Further progress can only come




is needed, using the complete
LEP1 statistics and going through a deep critical review of the steps involved in the
analyses. On the other hand we look forward to the start of LEP2 in mid '96 to see if
some long awaited signal of new physics will nally show up.
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plane. The 1 ellipses are from  
l
and
the leptonic asymmetries (plus the data on m
W
), with or without inclusion of A
LR
from



























plane. The 1 ellipses are from all high
energy data, with or without inclusion of A
LR
from SLD, i.e. with hadronic quantities


























plane. The 1 ellipses are from all high
energy data, with or without inclusion of A
LR
from SLD, i.e. with hadronic quantities
also added with respect to Fig. 1 (update of Ref. [22]).
mt = 170 GeV
tanβ = 1.1
δRb < 0.003 












Figure 4: Contour of R
b
= 0:003 in the chargino-stop mass plane [26].
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LEP DATA
(if Rc = SM)
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in the MSSM for m
t
= 174 GeV, m
A
= 40, 45, 50 GeV as a function of tg
(m
h
is also xed given m
A




mt = 174 GeV 
0.010 








mH = 1 TeV 







= 174 GeV. The Standard Model prediction as a function
of m
H
is shown by two black stars corresponding to m
H
= 60 GeV and m
H
= 1000 GeV




100 GeV or 1 (i.e. its contributions set to zero), m
stop
= 50 or 200 GeV, m
sbottom
>
150 GeV and varying the chargino masses in the range m

+
> 65 GeV. The constraint
Br(t! Wb) > 0.5 is also included. The two 1 ellipses refer to all high energy data and
to the case where only R
b
is included among hadronic quantities (update of Ref. [22]).
16
*mt = 174 GeV 
0.010 














. The two 1 ellipses refer to all high energy
data and to the case where only R
b
is included among hadronic quantities (update of
Ref. [22]).
Figure 8: The eect of Z
0
exchange on the invariant mass distribution of dijet events
at the Tevatron (from Ref. [47]). The dierent curves correspond to values of the Z
0
couplings in the range suggested by LEP. The experimental points refer to the quantity
(CDF-QCD)/QCD [5].
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